Background-Whether to cover cardiovascular disease costs is an increasingly pressing question for low-and middleincome countries. We sought to identify the impact of expanding national insurance to cover primary prevention, secondary prevention, and tertiary treatment for cardiovascular disease in India. Methods and Results-We incorporated data from coverage experiments into a validated microsimulation model of myocardial infarction and stroke in India to evaluate the cost-effectiveness of alternate coverage strategies. Coverage of primary prevention alone saved 3.6 million disability-adjusted life-years (DALY) per annum at an incremental costeffectiveness ratio of $469 per DALY averted when compared with the status quo of no coverage. Coverage of primary and secondary preventions was dominated by a strategy of covering primary prevention and tertiary treatment, which prevented 6.6 million DALYs at an incremental cost-effectiveness ratio of $2241 per DALY averted, when compared with that of primary prevention alone. The combination of all 3 categories yielded the greatest impact at an incremental cost per DALY averted of $5588 when compared with coverage of primary prevention plus tertiary treatment. When compared with the status quo of no coverage, coverage of all 3 categories of prevention/treatment yielded an incremental cost-effectiveness ratio of $1331 per DALY averted. In sensitivity analyses, coverage of primary preventive treatments remained cost-effective even if adherence and access to therapy were low, but tertiary coverage would require avoiding unnecessary procedures to remain cost-effective. Conclusions-Coverage of all 3 major types of cardiovascular treatment would be expected to have high impact and reasonable cost-effectiveness in India across a broad spectrum of access and adherence levels. (Circ Cardiovasc Qual Outcomes. 2015;8:541-551.
T he treatment of cardiovascular disease (CVD) risk factors has improved dramatically in the past few decades with highly efficacious therapeutic drugs and procedures. Although this has resulted in a decline in CVD burden among Western countries, low-and middle-income countries (LMICs) are now experiencing a growing burden of CVD such that 80% of CVD deaths now occur in LMICs. 1 Furthermore, outcomes of CVD events are worse in LMICs than in high-income countries, and a higher proportion of out-of-hospital deaths attributable to cardiovascular events occur in LMICs than in high-income countries. 1 Also, contrary to popular belief, CVD is frequently more common among the poorest members of these countries rather than among the affluent. 1 
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To combat this epidemic of CVD among LMICs, major policy changes may be required. The objective of the current study is to estimate the cost-effectiveness of expanding government healthcare insurance coverage in India-a prototypical LMIC facing a surge of CVD-to incorporate treatment for cardiovascular risk factors and CVD events (ie, myocardial infarctions and strokes). Historically, national insurance programs in LMICs have covered maternal and child healthcare, or episodic acute primary healthcare services that excluded chronic noncommunicable diseases. 2 However, some question whether government insurance programs should cover treatment for cardiovascular risk factors and events-and, if so, what components of treatment. 3 Previous projections suggested that whether access and adherence are high, primary prevention of CVD events through the treatment of risk factors (statins for hypercholesterolemia and blood pressure medications for hypertension) is likely be highly cost-effective in LMICs. [4] [5] [6] [7] Additional studies suggested that secondary prevention of cardiovascular events through the prescribing of aspirin, blood pressure medications, and a statin for persons with a history of previous myocardial infarction or stroke would also be cost-effective in LMICs under similar assumptions of high access and adherence. [4] [5] [6] However, realworld effectiveness of providing coverage for primary and secondary preventions might be more limited than suggested by these previous assessments, as studies of observed access to therapy suggest that only a minority of adults in LMICs are receiving cardiovascular treatment even when covered by insurance programs 8 ; similarly, adherence to pharmacotherapy in long-term observational cohorts averages ≈50%. [9] [10] [11] [12] [13] [14] We are unaware of any assessments of the cost-effectiveness of tertiary treatment for CVD events that include coverage for hospitalizations and procedures including percutaneous coronary interventions and coronary artery bypass grafting (CABG). A recent community-based evaluation observed significant reductions in CVD mortality among patients receiving government coverage for tertiary care in a region of India than those against control regions not receiving such coverage. 15 Given the high costs of tertiary care, several current government programs in middle-income countries such as India are offering tertiary treatment coverage as a means to avert catastrophic expenditure for families; however, it is unclear whether this is an optimal strategy for improving population health. 15, 16 We used simulation models that synthesize the best available clinical and epidemiological data to estimate the health and economic implications of alternative strategies for providing national coverage for primary preventive, secondary preventive, and tertiary treatments of CVD risk factors and events among Indian adults. Building on previous modeling work, 5, 6 we incorporate not only pharmaceutical treatments but also procedural and surgical treatments for cardiovascular events (ie, tertiary treatments such as CABG) and incorporate empirical estimates of increased utilization and access to treatment after coverage, as well as the impact of varying levels of adherence and quality of care on both myocardial infarction and stroke outcomes.
Methods

Analytic Overview
We used an empirically validated microsimulation model to estimate the costs and benefits of expanding government healthcare insurance coverage for primary prevention, secondary prevention, and tertiary treatment of CVD among adults in India. In the status quo scenario, current access to therapy was simulated using estimates from a nationally representative survey in India. 17 This survey revealed 17% (95% confidence interval [CI], 16%-18%) access to primary prevention therapies for cardiovascular risk factors (ie, statins and blood pressure treatments), and 54% (95% CI, 50%-58%) access to secondary prevention therapies and tertiary treatment among persons without any government insurance coverage (Table 1) .
To examine the benefits of expanding government insurance coverage, we assessed the expanded use of therapies after locally implemented insurance treatment coverage programs (eg, local primary preventive, secondary preventive, or tertiary treatment access schemes), which vary across populations and provinces of India. 16 After government insurance coverage for primary prevention, access increased to 37% (95% CI, 31%-43%) on average, whereas coverage for secondary prevention or tertiary treatment increased to 75% (95% CI, 61%-88%; estimation details are available in the Data Supplement).
In our base case analysis, we evaluated the incremental health benefits and cost-effectiveness of expansion in access to care, studying primary preventive, secondary preventive, and tertiary treatment coverage in isolation and in plausible combinations. Our model outcomes included incidence and mortality from myocardial infarctions and strokes per 1000 population. We adopted a societal perspective, discounted costs and benefits by 3% annually, and expressed benefits in disability-adjusted life-years (DALYs) averted (more details on the derivation of DALYs can be found in the Data Supplement). Incremental cost-effectiveness ratios (ICER) were calculated as the additional cost in 2014 US dollars divided by the additional health benefit in DALYs associated with 1 strategy when compared with the next-less-costly cost-effective strategy. For reference, interventions are considered cost-effective if they cost less than gross domestic product (GDP) per capita per DALY averted, and cost-effective between 1× and 3× GDP per capita, where 2014 GDP per capita for India was $1523 in 2014 US dollars. 21
Model
Our model simulates Indians with risk factors for ischemic heart disease and cerebrovascular disease and probabilities of experiencing myocardial infarction and stroke, receiving treatment before and after such events, and dying from such events or other causes. The model has been previously validated against independent data. 38, 39 The population is characterized by age, sex, and residential location (urban or rural). Individuals are assigned these demographic characteristics to match demographic estimates of population size and age distribution in India from the United Nations for the year 2015; individuals then age and experience fertility and mortality, such that population size and age distribution estimates over the course of the baseline simulation match the projections from the United Nations for the period 2015 to 2035. 40 Mortality rates in each demographic group include deaths from myocardial infarctions or strokes based on individual risk factors and from all other causes. Risk factors include
WHAT IS KNOWN
• Most cardiovascular disease deaths occur in low-and middle-income countries. • National insurance programs in these countries have historically excluded coverage of cardiovascular disease therapies because the cost-effectiveness of providing such coverage has been unclear.
WHAT THE STUDY ADDS
• This study incorporates data on observed enrollment and treatment access rates after subnational expansion of insurance programs in India into a microsimulation model to assess the cost-effectiveness of public insurance coverage of cardiovascular disease therapies. • The study reveals that coverage of all 3 major types of treatment-primary prevention, secondary prevention, and tertiary treatment-would be expected to have high impact and reasonable cost-effectiveness in India across a broad spectrum of access and adherence levels. • Covering only secondary prevention or only tertiary treatment was not as cost-effective as strategies that incorporated primary prevention coverage. Relative risk for myocardial infarction from primary prevention with ACEI and calcium channel blocker 0.60-0.71 Meta-analyses [22] [23] [24] [25] [26] Relative risk for stroke from primary prevention with ACEI and calcium channel blocker 0.45-0.58 Meta-analyses [22] [23] [24] [25] [26] Relative risk for myocardial infarction from primary prevention with statin 0.55-0.74 Meta-analyses 22, 27, 28 Relative risk for stroke from primary prevention with statin 0.78-1.00 Meta-analyses 22, 27, 28 Relative risk for myocardial infarction from secondary treatment with aspirin 0.60-0.72 Meta-analyses 22, 29, 30 Relative risk for stroke from secondary treatment with aspirin 0.72-0.84 Meta-analyses 22, 29, 30 Relative risk for myocardial infarction from secondary treatment with β-blocker 0.73-0.87 Meta-analyses [22] [23] [24] [25] [26] Relative risk for stroke from secondary treatment with β-blocker 0.68-0.74 Meta-analyses [22] [23] [24] [25] [26] Relative risk for myocardial infarction from secondary treatment with ACEI 0.70-0.90 Meta-analyses [22] [23] [24] [25] [26] Relative risk for stroke from secondary treatment with ACEI 0.56-0.84 Meta-analyses [22] [23] [24] [25] [26] Relative risk for myocardial infarction from secondary treatment with statin 0.62-0.82 Meta-analyses 22, 27, 28 Relative risk for stroke from secondary treatment with statin 0.66-1.00 Meta-analyses 22, 27, 28 Relative risk for death with secondary treatment with aspirin 0.81-0.89 Meta-analyses 22, 29, 30 Relative risk for death with secondary treatment with β-blocker 0.68-0.85 Meta-analyses [22] [23] [24] [25] [26] Relative risk for death with secondary treatment with ACEI 0.75-0.95 Meta-analyses [22] [23] [24] [25] [26] Relative risk for death with secondary treatment with statin 0.69-0.87 Meta-analyses 22, 27, 28 Relative risk of death from myocardial infarction with tertiary treatment (acute period of 28 d, then death rate subject to secondary therapy) 0.17-0.28 Community-based trial 15 Relative risk of death from stroke with tertiary treatment (acute period of 28 d, then death rate subject to secondary therapy) 0.42-0.80 Pooled randomized trials [31] [32] [33] Access and utilization to primary prevention without coverage 0.16-0.18 World Health Organization 17 (Continued ) tobacco smoking, systolic blood pressure, total cholesterol, diabetes mellitus, and a previous history of myocardial infarction or stroke. These risk factors were chosen for their predictive power, their widespread availability from epidemiological studies in India, and their common usage in Indian medical practices (as discussed in the Data Supplement). The risk factor distributions are detailed across all demographic cohorts along with a full description of the simulation methods in Tables I to IX in the Data Supplement. Individuals in each year of the simulation may experience myocardial infarction or stroke, based on their individual risk factors ( Figure  I in the Data Supplement). We adopted an alternative approach to classical (eg, Framingham) risk calculation that has been validated among diverse populations including Indians. 5 The approach uses observed incidence rates relative to risk factor prevalence (Table X in the Data Supplement), rather than an absolute risk score, to calculate the relationships between incidence and risk, allowing us to calibrate the model to any given population rather than assuming universal validity of the Framingham risk equations, which are thought to misestimate risk among South Asians. 41 In each year of the simulation, individuals also experienced a probability of mortality from other causes specific to their demographic cohort, based on World Health Organization (WHO) mortality estimates by cause of death. 34 The model included secular trends in all variables to account for dynamic changes in risk and disease rates ( Table XI in 
Coverage Scenarios
The simulated coverage strategies included primary prevention through pharmacological therapy recommended by the WHO for LMICs ( Figure 1 ). 42 As shown in Figure 1 , we specifically applied the relative risk reductions associated with antihypertensive therapy to those individuals who have access to therapy (as detailed above) and would be recommended therapy per the WHO guidelines, which recommend therapy to individuals with a blood pressure >160/90 mm Hg, those with a calculated 10-year cardiovascular event risk of 20 to <30% with a pressure >140/90 mm Hg, or patients with risk >30% or having diabetes mellitus or known CVD with a pressure >130/80 mm Hg. The treatment includes thiazide or angiotensinconverting enzyme inhibitors for patients aged <55 years or having diabetes mellitus, and thiazide or calcium channel blockers for Adherence to pharmacological therapy (primary or secondary, %) 20-80 Observational cohorts [9] [10] [11] [12] [13] [14] Covariates to incidence or mortality Non-CVD mortality rates (n/1000) 2.5-78.7 (across all age/sex/location groups; disaggregated estimates are available in Table X in Table III in the Data Supplement)
World Health Organization 37
History of previous myocardial infarction, % 0.7-30.4 (across all age/sex/location groups; disaggregated estimates are available in Table V in the Data Supplement)
World Health Organization 18
History of previous stroke, % 0.0-0.95 (across all age/sex/location groups; disaggregated estimates are available in Table VI in the Data Supplement)
Ranges represent 95% CIs across age categories, as fully disaggregated in the Data Supplement. Rates are annual rates unless otherwise noted. The cost per case is expressed in 2014 US dollars and represents the average lifetime discounted costs of disease, including all treatments (ie, the costs of procedures, hospitalizations, and medications). As in previous assessments, 22 statins were modeled as conferring diminishing relative risk of myocardial infarction from 0.89 at 1 year, 0.76 at 2 years, 0.67 at 3-5 years, and 0.64 in subsequent years, and β-blocker effects included a decreasing benefit over time with the relative risk in first 3 years of 0.77 for death and 0.73 for myocardial infarction, 0.93 at 4-6 years for either outcome, and 0.99 in subsequent years for either outcome. Based on differences in utilization of services among those without and with coverage of primary, secondary or tertiary treatments for cardiovascular disease in the World Health Organization Study on Global Aging and Adult Health, 17 and controlling for age, sex, urban/rural residence and income, access to primary prevention would be expected to increase from 17% (95% CI, 16%-18%) without coverage to 37% (95% CI, 31%-43%) with coverage, whereas access to secondary prevention or tertiary treatment would be expected to improve from 54% without coverage (95% CI, 50%-58%) to 75% with coverage (95% CI, 61%-88%). ACEI indicates angiotensin-converting enzyme inhibitor; CI, confidence interval; and CVD, cardiovascular disease.
Table 1. Continued
Variable
Values Reference others. Similarly, the guidelines recommend statin therapy to all individuals with 10-year risk >30%, patients aged >40 years with type 2 diabetes mellitus, and individuals with total cholesterol of at least 8 mmol/L (individuals likely with familial hypercholesterolemia). 42 Secondary prevention was modeled per the WHO, 43 which prescribes an angiotensin-converting enzyme inhibitor, aspirin, β-blocker, and statin for individuals with a history of previous myocardial infarction or stroke. Individuals surviving first myocardial infarctions or strokes during the simulation period were switched to the secondary prevention regimen. Relative risk reductions from these measures were estimated from systematic reviews and meta-analyses including Indian subjects (Table 1) . Using standard approaches, 5 we multiplied the independent relative risks of each drug by the baseline hazard of myocardial infarction to estimate overall effect on myocardial infarction and stroke incidence and mortality. We incorporated directly observed mortality risk reduction estimates from the multidrug regimens [22] [23] [24] [25] [26] [27] [28] to account for the fact that some of the mortality benefits may not be through risk factor modification. We estimated the benefits of tertiary treatment as the reduction in case fatality rate among patients with myocardial infarctions and strokes in a tertiary insurance experiment in Karnataka, India (Table 1 ). 15 We also included sensitivity analyses in which case fatality rates reduced further by 10% among patients presenting to tertiary care, testing sensitivity of the model to future quality improvement. Additional sensitivity analyses simulated poor quality care under expanded coverage, to determine what rate of inappropriate primary, secondary, and tertiary care (eg, conducting inappropriate procedures such as unnecessary CABG) would cause coverage to no longer be cost-effective. Note that we did not include expanded type 2 diabetes mellitus treatment in our model because glycemic control is not thought to significantly alter the primary macrovascular outcomes in our model (myocardial infarction and stroke). 44 Table XII in the Data Supplement provides details on the scenarios considered, which include primary prevention, secondary prevention, and tertiary treatment coverage in isolation and combination. Access to treatment before and after coverage was assessed from the nationally representative Indian cohort in the WHO Study on Global Aging and Adult Health (n=11 230), 17 which captured changes in utilization before and after provision of insurance coverage (Table 1 ). Access to and utilization of primary prevention was defined as diagnosis and treatment of hypertension, hyperlipidemia, and diabetes mellitus. Access to and utilization of secondary prevention was defined as having received pharmacological treatment after survival from myocardial infarction or stroke. Access to and utilization of tertiary treatment was defined as having been able to obtain hospital-level care for acute myocardial infarction or stroke. We included scenarios in which all individuals receiving tertiary treatment were covered for secondary prevention, and scenarios in which procedural expenditures alone were covered (Table XII in the Data Supplement). We also assessed the implications of improved access, up to a range of 80% for primary and secondary preventions and tertiary treatment. 5 Adherence to therapy was varied from a baseline value of 50% across a range from 20% to 80% as observed in previous studies of CVD pharmacotherapy. [9] [10] [11] [12] [13] [14] In sensitivity analyses, we calculated the minimum threshold level of adherence that would be necessary to ensure cost-effectiveness. Given the potentially diminished long-term role of β-blockers after myocardial infarction and angiotensin-converting enzyme inhibitors among patients with normal left ventricular systolic function, we also Figure 1 . Ischemic heart disease treatment strategies in India. 42, 43 Absolute risk is calculated over a 10-y horizon using the Framingham risk score, per current World Health Organization guidelines. 42, 43 Note that the inclusion of statin criteria of treating people with total cholesterol >8 mmol/L is meant to capture high-risk subgroups (ie, familial hypercholesterolemia). ACEI indicates angiotensin-converting enzyme inhibitor; ASA, aspirin; BP, blood pressure; and CABG, coronary artery bypass grafting.
conducted a sensitivity analysis in which only aspirin and a statin are given to patients as secondary prevention after myocardial infarction.
Costs (in 2014 US dollars; Table 1 ) included the direct medical costs associated with screening, diagnosis, and treatment. 20, 21 Tertiary hospitalization and care costs included the frequency and type of intervention, including procedures and surgeries such as percutaneous coronary intervention and CABG. 15 Direct nonmedical costs such as patients' out-of-pocket expenditures, time and transportation were included for all strategies. 21 We followed up the data sources from the WHO's CHOICE database, which are widely used, 45 and consistent with recent subnational surveys from India. 46 To estimate CIs, all modeled scenarios were repeated 10 000× while sampling from the ranges of input variable values, listed in Table 1 . Modeling was performed in MATLAB (version R2015a; The MathWorks, Cambridge, MA).
Cost-Effectiveness Analysis
To estimate the long-term outcomes associated with coverage of CVD treatments, we projected the health and economic consequences for all cohorts of adult men and women in the first 20 years of the program, from 2015 to 2035. The ICER in terms of incremental costs per DALY averted was used as the index of cost-effectiveness.
We first compare all singular strategies (coverage of primary prevention only, secondary prevention only, or tertiary treatment only) to the status quo of no coverage. The most cost-effective singular strategy is then used as the comparator in the evaluation of cost-effectiveness of combinations of strategies, beginning with dual combinations. The series of nondominated strategies, with increasing levels of costs and effectiveness represent the cost-effectiveness frontier. We use the term absolute dominance to refer to a strategy that is both more costly and less effective (with respect to DALYs averted) than the comparator strategy (including the strategy of maintaining the status quo), and extended dominance to refer to a strategy that is not absolutely dominated but for which the ratio of incremental costs:incremental DALYs averted is higher than that of a combination of other strategies (potentially including the status quo strategy in the combination). 18
Ethics Approval
Ethics committee approval for the study was obtained from the Stanford University Institutional Review Board (reference number eP-28811).
Results
Morbidity and Mortality Impact of Coverage
At existing levels of treatment in India, myocardial infarctions generated a loss of 37.9 million DALYs and strokes generated a loss of 24.6 million DALYs each year on average over the period 2015 to 2035. The DALY losses included 835 000 deaths per year from myocardial infarctions and 489 000 deaths from strokes. These model estimates reflect a 8.1 million DALY increase from the 33.1 million DALYs lost to myocardial infarctions and 21.3 million DALYs lost to strokes in the year 2012 (the most recent year estimated by the WHO), which included the effects of 734 000 deaths from myocardial infarctions and 426 000 deaths from strokes. 34 Coverage of primary prevention only averted 2544 DALYs per year per million population (Table 2) or 3.6 million DALYs overall (DALYs; 95% CI, 3.1-4.1 million) relative to the status quo of no coverage; these estimates are similar to previous independent estimates of 2984 DALYs averted per million population by primary prevention in the overall South and Southeast Asian region. 4 Coverage of primary and secondary preventions averted 2689 DALYs per year per million population or 3.8 million DALYs in the overall population (95% CI, 3.3-4.3 million), whereas coverage of primary prevention and tertiary treatment averted 4629 DALYs per year per million population or a total of 6.6 million DALYs (95% CI, 5.7-7.5 million). Coverage of primary, secondary, and tertiary treatments averted 4699 DALYs per year per million population or a total of 6.7 million DALYs (95% CI, 5.8-7.5 million; Table 2 ). Table 2 and Figure 2 present the results of the cost-effectiveness analysis. As shown in Table 2 , primary prevention alone for CVD costs $1.19 per capita and averted 2544 DALYs per million population each year for an ICER of $469 per DALY averted (95% CI, $355-$620) when compared with the status quo. Secondary prevention alone and tertiary treatment alone also averted DALYS at increased cost; however, each of these strategies yielded higher ICER estimates and were, therefore, extendedly dominated by primary prevention alone, which is therefore the first point on the cost-effectiveness frontier (Figure 2 ). Adding coverage for either secondary prevention or tertiary treatment to primary prevention coverage yielded gains with respect to DALYs averted, at increased costs and ICERs that were close in magnitude. However, the combination of primary prevention and tertiary treatment coverage had an incremental cost of $5.86 per capita and gains in DALYs averted of 4629, yielding an ICER of $2241 (95% CI, $2440-$2425), which was most favorable strategy, becoming the second point on the cost-effectiveness frontier. The strategy that covered all 3 types of care-primary and secondary preventions and tertiary treatment-compared with primary prevention plus tertiary treatment was associated with an ICER of $5588 per DALY averted and becomes the third point on the cost-effectiveness frontier (Figure 2 ). When compared with the status quo of no coverage, the strategy of coverage for all 3 was associated with an ICER of $1331 per DALY averted.
Cost-Effectiveness of Coverage
Sensitivity Analysis
Impact of Increased Access to Treatment
If postcoverage access to primary therapies improved from 37% in the base case analysis after insurance coverage to 50%, cost-effectiveness of primary prevention coverage would not significantly change ($472 per DALY averted), and the ICER for the combination of all 3 categories of coverage would be reduced to $2295 per DALY averted when compared with coverage for primary prevention and tertiary treatment, and $1097 per DALY averted compared with the status quo of no coverage (Table XIII in the Data Supplement). The costeffectiveness of secondary and tertiary coverage alone or in combination was largely unaffected.
Impact of Increased Adherence to Therapy
cost-effectiveness improved more substantially as adherence increased from the base case of 50% to 80%. With 80% adherence, cost-effectiveness of coverage for primary prevention alone improved to $288 per DALY averted (95% CI, $213-$389), whereas the ICER for the combination of all 3 categories of coverage decreased to $1796 per DALY averted relative to coverage of primary prevention and tertiary treatment (95% CI, $1481-$2110, a $3792 per DALY savings) and to $960 per DALY averted compared with no coverage (95% CI, $756-$1219, a $371 per DALY savings; Table XIV in the Data Supplement). We estimated that 5% adherence to primary prevention therapies would be necessary for coverage of primary prevention to remain cost-effective, and a minimum of 35% adherence to secondary prevention therapies would be necessary for secondary prevention to remain cost-effective at the cost-effectiveness threshold of 3× GDP per DALY averted. The values represent average annual DALYs averted, costs conferred, and ICERs (ie, the additional cost divided by the additional health benefit compared with the next-best strategy, defined as the strategy to the left of the data point on the cost-effectiveness frontier illustrated in Figure 2 Efficiency frontier of alternative coverage strategies for cardiovascular disease in India. The points reveal that all 3 major types of treatment-primary, secondary, and tertiary-for cardiovascular disease would be expected to be costeffective in India, but strategies excluding primary preventive interventions would be less efficient (lower and to the right, meaning less effective but more costly) than strategies including primary prevention. 1′ indicates primary prevention coverage; 2′, secondary treatment coverage; and 3′, tertiary treatment coverage; all, coverage of primary, secondary, and tertiary care. November 2015
Impact of Suboptimal Care
The cost-effectiveness of primary and secondary preventions was relatively insensitive to rates of inappropriate therapy, whereas tertiary treatments were more sensitive to inappropriate therapy. Even if 90% of people with new access to primary therapy received medical visits but did not receive the indicated medications for their condition (ie, providers charging for visits but not following guidelines to provide indicated medication prescriptions, as observed throughout South Asia 8 ), primary prevention coverage would remain below the cost-effectiveness threshold because of the profound benefits of treatment at relatively low costs to the remaining 10%; by contrast, the maximum level of suboptimal treatment for secondary prevention coverage was 52%. Tertiary treatment coverage was more sensitive to inappropriate care; if >11% of patients receiving treatment were in fact receiving inappropriate therapy (ie, unnecessary procedures), then the treatment would no longer be cost-effective given the high DALY and financial costs of tertiary care.
Impact of Mortality Reduction With Tertiary Treatment
The estimated mortality benefits of tertiary treatment in the primary data set from India were ≈6% lower than those observed in high-income settings. 15, 47 There were significant improvements in cost-effectiveness with higher quality of tertiary care. With a 10% improvement in the relative risk reduction of death conferred by tertiary care (Table 1) , the cost-effectiveness of tertiary care coverage alone was improved from $2253 to $1961 per DALY averted (95% CI, $1443-$2664; Figure  III in the Data Supplement); the incremental cost per DALY of coverage for all 3 treatments also improved from $5588 to $2432 per DALY averted (95% CI, $523-$4341) over the cost of primary prevention and tertiary treatment alone and to $1232 per DALY averted (95% CI, $1092-$1527) over no coverage.
Impact of More Limited Secondary Prevention
If only aspirin and a statin are given to patients as secondary prevention after myocardial infarction, secondary prevention would shift from averting 148 DALYs per year per million population to averting 94.7 DALYs per year per million (95% CI, 88.7-100.6) at a cost of $0.28 per capita (95% CI, $0.25-$0.29; rather than $0.36 per capita in the baseline simulation) for a higher ICER of $2957 per DALY averted ($2485-$3269, from $2404 in the baseline simulation) relative to the status quo of no coverage. Overall this improvement did not significantly change our baseline estimates of the relative cost-effectiveness of secondary prevention alone versus the combination of primary and secondary preventions or the overall cost-effectiveness of all 3 types of therapy combined.
Discussion
Our estimates imply that universal coverage of therapies for primary prevention, secondary prevention and tertiary cardiovascular treatments would avert 6.8 million DALYs per year at the population level at a cost of ≈$1300 per DALY averted versus the status quo of no coverage. The results show that universal coverage of all 3 categories of treatment remains costeffective under plausible scenarios about the effectiveness of coverage in improving access to care, as well as under existing estimates of adherence to therapy. Of note, currently, several Indian government-based coverage strategies are providing only tertiary coverage alone under the premise that such coverage would avert the most catastrophic expenditures; yet our analysis finds that such coverage should be expanded to include primary and secondary prevention coverage. In addition, partial coverage alone may not be capable of averting impoverishment and distress financing. Our findings also suggested that it would be particularly important to avoid the expansion of inappropriate therapies (eg, unnecessary CABG procedures) if offering tertiary treatment coverage for the coverage to remain cost-effective.
The results also show that coverage of primary prevention should be the cornerstone of any policy for universal healthcare coverage of CVD and associated risk factor control. We found that all strategies that were incrementally cost-effective above less-costly strategies involved coverage of primary prevention. Coverage of primary prevention remained costeffective even if adherence to therapy was low and even if coverage did not result in significant improvement in access to care. Coverage of primary prevention alone would save 3.6 million DALYs per year at the population level even if adherence was only 50% and access did not improve above currently observed levels; however, this outcome is significantly lower than the population level benefit of covering all treatments. Thus, coverage of primary prevention alone is only sensible in environments where coverage of all 3 treatments is simply unaffordable. We note that a fully universal plan of coverage for all 3 categories of treatment, while cost-effective, would generate a total societal cost of $13.6 billion per year (Rs. 873 billion or 87 300 crore; $2.6 billion for primary prevention, $0.8 billion for secondary prevention, and $10.2 billion for tertiary treatment), most of which might have to be borne by the government to finance national coverage, which is far larger than the current $4 billion government healthcare budget; India remains among the countries with the lowest spending as a proportion of GDP (4%), despite its growing economy. 48 Our results of covering primary and secondary preventions are consistent with those reported in the literature, but further enhance our understanding of actual utilization and costs, including the role of tertiary treatment coverage. Our estimates of DALYs lost to CVD are similar to independent assessments assuming continuation of the status quo in treatment access and adherence, 49 as are our estimates of DALYs potentially averted from primary preventions 4 and the relative impact of secondary versus primary preventive treatment. 7 Our findings are the first, however, to be based on actual observed changes in access and utilization after localized coverage expansions in India, as well as directly observed risk factor values rather than imputed estimates. In addition, our study directly estimates risk reductions from tertiary care from a controlled study in India that included both the public and the private sectors, 15 providing real-world estimates of care quality. Furthermore, the bulk purchasing effect of population-wide insurance programs allows us to take into account the price-lowering effect of such insurance programs on treatment costs.
Our analysis has important limitations. Data on CVD were limited to large surveys of myocardial infarctions and strokes, to the omission of less common but nevertheless prevalent forms of CVD in India such as rheumatic heart disease. Furthermore, as risk equations are updated from the traditional Framingham equations used in current WHO guidelines to versions that may compensate for the observed bias in risk calculations among South Asians, it is possible that treatment strategies will change and improve the targeting and efficacy of primary and secondary preventions among Indians. We intentionally omitted the controversial use of aspirin as a primary preventive strategy because it is explicitly excluded from recent WHO guidelines 42 ; whereas it is widely agreed that patients at low risk of cardiovascular events should not take aspirin for primary prevention at even a low dose, 3 trials are still ongoing to determine whether patients at higher than average risk should take low-dose aspirin. 50 If those trials prove successful despite negative results in the past, then our cost-effectiveness estimates of primary preventive therapy coverage may be viewed as conservative. Our estimates of tertiary care impact are also based on a province that is considered to have less care infrastructure than some others 15 ; hence our cost-effectiveness estimates of tertiary treatment coverage may also be conservative for the overall country. By contrast, our estimates of the cost-effectiveness of tertiary treatment assume that there is sufficient capacity to provide it, and the cost of capacity building will be a considerable added expense in some locations that is not factored into our analysis.
Overall, coverage of primary prevention, secondary prevention, and tertiary treatment for CVD would be expected to have the largest population impact on morbidity and mortality and be cost-effective relative to the status quo of noncoverage. This critically informs ongoing efforts in India and other LMICs that are seeking to expand government-based national insurance coverage strategies, but have traditionally not included coverage for noncommunicable chronic diseases that are now leading causes of catastrophic expenditure and premature morbidity and mortality.
